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ABSTRACT 

Bieler (1990) provides a critique of the methodology of a phylogenetic analysis of the Gas¬ 
tropoda by Haszprunar (1988). His criticism of an incomplete and inconsistent presentation of 
character-states and methodology is answered by explaining by examples the way in which the 
character analysis and the construction of the cladogram were done. I argue that any maximum 
parsimony analysis with equal weighting of characters will fail to produce the “true” phylogeny 
because of the high degree of parallelism and convergence within the group. The method 
presented applies a priori criteria for estimating the probabilities of homology and apomorphy 
(i.e. significance) of characters and constructs the cladogram according to that significance. In 
the proposed classification, higher taxa are thought to reflect stem-lines of high probability. 
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INTRODUCTION 

Bieler (1990) gives a critique of the meth¬ 
odology of the recently published phyloge¬ 
netic analysis of streptoneuran Gastropoda 
by Haszprunar (1988) from a strictly cladistic 
point of view. Here I want, first, to correct cer¬ 
tain points of the original paper (Haszprunar, 
1988; cf. appendix); second, to explain briefly 
the reasons that the analysis was not done by 
application of accepted cladistic methodol¬ 
ogy; and third, to provide significant examples 
of the way in which I weighted the characters 
and did the analysis. Doing the latter, I accept 
the major points of Bieler’s (1990) critique— 
no one is perfect. 

Thus, I agree with Bieler (1990) that for any 
“scientific question, it is an integral part of any 
study to present the data unambiguously, to 
employ reproducible methods, and to offer 
testable hypotheses.” Maybe I have underes¬ 
timated the difficulty of following my argu¬ 
ments. I therefore wish at least to show the 
principles. 

PRESENTATION OF DATA 

Bieler (1990) is correct in assuming that my 
analysis was not done by computer, because 


during the original study adequate hardware 
to run phylogenetic software was unavail¬ 
able. Since then, adequate hardware has be¬ 
come available, and I have become familiar 
with the advantages and disadvantages of 
programs like PHYLIP, PAUP and in particu¬ 
lar HENNIG’86. 

Admittedly there are some mistakes in the 
text, tables and figures, all of which are of 
minor importance, however. Nevertheless, I 
welcome this opportunity to correct those of 
which I am aware. 

Bieler (1990) criticized the fact that I did not 
provide a comprehensive data-matrix. The 
way in which I did the analysis, however, does 
not require a data-matrix (see below), and the 
main results of the character-analysis have 
been presented (Haszprunar, 1988: table 2). 


THEORETICAL CONSIDERATIONS 

Character analysis is the basis of any phy¬ 
logenetic analysis. Typically plesiomorphic 
versus apomorphic states are estimated by 
application of the rules of Hennig (1966) such 
as outgroup-comparison, data on fossils, on¬ 
togenetic sequences, and the like. Often, 
however, there is no clear outgroup available 
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(e.g. Houbrick, 1988; Reid, 1989), and the 
use of fossils and ontogenetic data has been 
criticized (Alberch, 1985). 

The problem of homology, i.e. the problem 
of the frequency of change from plesiomor- 
phic to apomorphic character state during 
phylogeny, seems to be overcome by appli¬ 
cation of a “maximum-parsimony” analysis, 
whether by hand or by computer. The working 
hypothesis of parsimony minimizes the num¬ 
ber of analogies (homoplasies) and can pro¬ 
duce one (or many) “most parsimonious” 
tree(s). Colless (1983) has pointed out that 
the principle of parsimony, which is an oper¬ 
ational concept rather than an empirical fact 
of evolution, does work with negligible rates of 
failure only if the probability of change in each 
character-state is very low. As outlined by 
Gosliner & Ghiselin (1984) for primitive 
opisthobranchs and identified by Davis (1989) 
in the Hydrobiidae and in my work on the 
streptoneurans, however, there is a very large 
degree of convergence, that is, parallelism, in 
the data. With an increase in the number of 
taxa the degree of homoplasy increases 
(Sanderson & Donoghue, 1989), moreover, 
suggesting a more or less constant rate of 
homoplasy among taxa. Indeed, the neces¬ 
sity of a parsimony analysis implies that the 
basic data matrix is controversial with respect 
to its proposed synapomorphies. Accordingly, 
the problem of homology cannot be overcome 
by parsimony analysis. 

The recent cladistic study (done with 
PAUP) of the Littorinidae by Reid (1989) also 
shows many cases of homoplasy. Indeed, 
“59.2% of the character state changes could 
be ascribed to homoplasy” (Reid, 1989: 59), 
and this is logically a minimal (“most parsimo¬ 
nious”) estimate. Significantly, a final cla- 
dogram that differs in certain points from the 
consenus tree is preferred because “some 
character-state reconstructions are more 
likely than others” (Reid, 1989: 63). As stated 
(Haszprunar 1988: 399), the main problem of 
any phylogenetic study is that of homology. 

As reviewed by Riedl (1975, 1978), Ruppert 
(1982) and Neff (1986), a priori criteria for in¬ 
ference of homology have been provided by 
Remane (1952, 1954). More recently, Rieger 
& Tyler (1979, 1985; see also Westheide & 
Rieger. 1987; Tyler, 1988) have formulated 
criteria for the counter-version, i.e. the esti¬ 
mation of convergence. Both sets of criteria 
should be applied to any analysis (see below). 

I want to stress that both types of character 
analysis (homology versus analogy, apomor- 


phy versus plesiomorphy) must be done prior 
to construction of the tree, and that both are 
principally inductive by application of the cri¬ 
teria of Remane (1952) and Hennig (1966) 
among others. Accordingly, each proposed 
synapomorphy includes a two-fold degree of 
probability, one with respect to apomorphy 
(“-apo-”), and one with respect to homology 
(“syn-”) (Haszprunar, 1989). In the case of 
character-states, even two analyses of ho¬ 
mology are necessary: first, whether all the 
states belong to the same (homologous) 
character; secondly, with respect to the ho¬ 
mology of the advanced state. For example, 
in an analysis of the gills of gastropod groups 
and in particular the (plicate) gill of primitive 
opisthobranchs, two questions of homology 
must be answered (for detailed discussion, 
see Haszprunar, 1985: 20-21; Haszprunar, 
1988: 382): (1) Is the opisthobranch gill a ho- 
mologue of the prosobranch gill (i.e. a ctenid- 
ium)? (2) If so, is the plicatid gill homologous 
in all opisthobranchs? 

I believe that these probabilities must be 
used to “weight” the characters used in the 
analysis. In other words, the “weight” is not a 
feature of the character itself, but the degree 
of likelihood in the present analysis (cf. also 
Bryant, 1989). 

There is no escape from the weighting of 
characters. Also, the usual analysis involving 
maximal parsimony weights characters by se¬ 
lecting them (characters not selected lack 
weight) and by giving each selected character 
equal weight. Insofar as the degree of ho¬ 
moplasy is great, differentiated weighting of 
selected characters becomes essential, how¬ 
ever. Although Remane (1952) has indicated 
the way to infer distinct probabilities for a pro¬ 
posed homology, there is still no clear proce¬ 
dure for quantitative a priori weighting of char¬ 
acters (e.g. Neff, 1986; Westheide & Rieger, 
1987; Bryant, 1989). In using computer algo¬ 
rithms, one possibility would be to include in 
the analysis only characters with high signifi¬ 
cance; another is to establish a system of dif¬ 
ferential weighting (e.g. 1/3/5 corresponding 
“low/ medium/ high” significance). 

These considerations shed light on data 
presentation as well. For instance, the fre¬ 
quency and circumstances of transformation 
of coiled shells into asymmetrical limpet-like 
ones are unimportant; the statement “many” 
shows that the significance of this character is 
very low in this phylogenetic analysis. (Its sig¬ 
nificance might be high in another one, how¬ 
ever.) 
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PRACTICAL CONSEQUENCES 
General Remarks 

In this section I wish to show by examples 
the way in which the character analysis and 
the construction of the cladogram were done 
in the original paper. For character analysis, I 
have selected two examples, the number of 
gills and the conditions of the anterior nerve 
ring, the significance of which differ consider¬ 
ably. These significances are estimated prior 
to construction of any cladogram by applica¬ 
tion of the rules of Remane (1952), Rieger & 
Tyler (1979, 1985), Neff (1986), Westheide & 
Rieger (1987) and Tyler (1988). Two groups, 
Neritimorpha and Pyramidelloidea have been 
selected to demonstrate the construction of 
the cladogram. 

It was assumed a priori that the taxa used 
in the study all were holophyletic (i.e. mono- 
phyletic sensu Hennig, 1966), implying that 
changes within a taxon are secondary phe¬ 
nomena. This approach also concerned the 
Euthyneura the holophyly of which has been 
shown earlier (Haszprunar, 1985a,b). It will 
be shown that in one case (Allogastropoda) 
this assumption did not work and necessi¬ 
tated the consideration of the subtaxa (see 
below). 

Number of Ctenidia 

The question of ctenidial homology 
throughout the gastropods has been dis¬ 
cussed at length by Haszprunar (1985a: 
20-22; 1988: 377-383). Whereas the gills of 
Cocculiniformia, of Valvatoidea, of the allo- 
gastropod groups and the Euthyneura were 
considered to be secondary structures, the 
gills of the remaining streptoneuran groups 
were assumed to represent homologues. 

Outgroup comparison (Cephalopoda, Try- 
blidiida) makes it nearly certain that the pres¬ 
ence of paired pallia! organs is the primitive 
condition among gastropods. This conclusion 
is supported by the facts that even gastro¬ 
pods with two gills often have reduced the 
right one, and that in the Trochoidea and Lep- 
etodriloidea the blood supply of the right gill is 
retained although the gill itself has been lost. 
The probability for the hypothesis "plesio- 
morphy: two ctenidia; apomorphy: one (left) 
ctenidium” is therefore very high. 

Next the probability was considered 
whether the change from two ctenidia to one 
occurred once or often in gastropod evolution. 


Two functional gills are present only in veti- 
gastropod groups (“zeugobranchs”), and 
even within this group two subgroups have 
lost the right ctenidium. Anatomical features 
in Neritimorpha, in which most species have a 
diotocardian heart and certain species even 
have a gill-rudiment (Fretter, 1965) and Doco- 
glossa—Patellidae (with two osphradia) like¬ 
wise suggest an original condition of two 
ctenidia in these taxa. 

Functional morphology shows that a 
change from two to one ctenidium results in 
advantages for the animal with respect to wa¬ 
ter currents in the mantle cavity (Yonge, 
1947). Indeed, the presence of two ctenidia 
necessitates a slit or hole(s) in the shell for 
passage of waste. Finally, because in zeugo- 
branch gastropods, such as Haliotis, the left 
ctenidium is formed first in ontogeny (Crofts, 
1937), a heterochronic process might easily 
result in a loss of the right ctenidium. 

On the whole, I concluded that the change 
from two to one (left) ctenidium probably oc¬ 
curred several times in gastropod evolution. 
Thus the probability of the respective syn— 
apomorphy, i.e. the probability of the homol¬ 
ogy of the change from plesiomorphic to apo- 
morphic condition, is low. 

Anterior Nervous System 

The homology of the main ganglia of the 
anterior nerve ring in gastropods is well es¬ 
tablished by identical relative positions and 
interconnections and by identical fields of in¬ 
nervation. 

Among the Streptoneura, two conditions of 
the anterior nerve ring with respect to the rel¬ 
ative position of the ganglia can be distin¬ 
guished: the pleural ganglion might be close 
to the pedal one (hypoathroid condition) or 
close to the cerebral one (epiathroid condi¬ 
tion). Outgroup comparison is unsatisfactory, 
because the Tryblidiida lack pleural ganglia 
and the Cephalopoda have a highly concen¬ 
trated nervous system. Ingroup comparison 
reveals, however, that the hypoathroid condi¬ 
tion is generally correlated with other plesio¬ 
morphic characters, such as presence of na¬ 
cre, paired pallial and excretory organs, or 
external fertilization. The hypothesis "plesio¬ 
morphic: hypoathroid condition—apomorphic: 
epiathroid condition’’ therefore appears well 
founded. 

Again it is now necessary to estimate the 
number of changes from the hypo- to the epi¬ 
athroid condition. There is not a single strep- 
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toneuran taxon in which a mixture of the two 
conditions occurs (for Viviparidae cf. Hasz¬ 
prunar, 1988: 395). In addition, the distribu¬ 
tion of both character states is largely corre¬ 
lated with the ability to produce planktotrophic 
larvae (exception: certain Neritoidea). On the 
other hand, a selection pressure that could 
force such a change is unknown. Moreover, 
both conditions are uneffected by concentra¬ 
tion of the nervous system. Summarizing the 
argument, I assumed the syn—apomorphy 
‘‘epiathroid nerve ring” to be of very high sig¬ 
nificance for streptoneuran phylogeny. 

Position of Neritimorpha 

Based on the results of the character anal¬ 
ysis, estimation of the systematic position of 
the Neritimorpha starts with consideration of 
the characters with the highest significance, 
such as the hypoathroid nervous system. 

This step alone reduces drastically the 
number of possible trees. Starting the analy¬ 
sis with 28 taxa (Haszprunar, 1988: fig. 5) 1.6 
x 10 35 trees are possible. Accepting ‘‘epia¬ 
throid nervous system” as a synapomorphy 
leaves 18 taxa and thus 6.3 x 10 18 possible 
trees [x = (2n-3)!/2 (n 2) (n —2)!; in which n 
is the number of taxa]. 

Among those “Archaeo-” gastropods, there 
are two sequences of radular types, each of 
them again with high significance (stereoglos- 
sate—flexoglossate; rhipidoglossate—tae- 
nioglossate; Haszprunar, 1988: 390-391). 
This places the Docoglossa (= Patellogas- 
tropoda) and hot-vent group C below and the 
architaenioglossate groups above the Neriti¬ 
morpha. The number of possible trees involv¬ 
ing the Neritimorpha is further reduced to 3.2 
x 10 11 (13 taxa remain). Upon consideration 
of the distribution of ctenidial skeletal support 
(Haszprunar, 1988: 377-381), Neomphalus, 
the Vetigastropoda and the Seguenzioidea 
are placed above the neritimorph clade. The 
number of possible trees is now 15 (4 taxa 
remain). The Cocculiniformia share many ple- 
siomorphic characters with the Docoglossa, 
including the primary limpet shell (Haszpru¬ 
nar, 1988: 370-372); thus they are grouped 
below the Neritimorpha. Finally, Melano- 
drymia shares several characters, such as 
radula type and protoconch features, with 
Neomphalus and the Vetigastropoda, and is 
therefore placed above the neritimorph off¬ 
shoot. 

This solution agrees with several character 
sequences of high significance. The assump¬ 


tion that the Neritimorpha belong among the 
higher gastropods is based, however, on 
character stages each of which is correlated 
with reproductive biology, namely internal fer¬ 
tilization and planktotrophic veligers. The 
probability of convergent evolution of the fea¬ 
tures of neritimorph reproductive biology is 
very high: first, details of the respective char¬ 
acters differ considerably between Neritimor¬ 
pha and higher groups (genital system, sperm 
structure, protoconch features); and second, 
there are numerous examples of internal fer¬ 
tilization within other archaeogastropod 
clades, and larval planktotrophy has been es¬ 
tablished through parallel evolution among 
the Bivalvia. 

Position of Pyramidelloidea 

Again, the analysis begins with consider¬ 
ation of neural conditions. Earlier the Pyra¬ 
midelloidea were placed together with the 
Architectonicoidea in a clade called Allogas- 
tropoda (Haszprunar, 1985a). The epiathroid 
condition of the anterior nerve ring placed the 
Allogastropoda among the *‘Apo-”gastropoda, 
the lack of parietal ganglia and the retention 
of (at least osphradial) streptoneury (Hasz¬ 
prunar, 1988: 394) suggest a grouping of the 
Allogastropoda below the euthyneuran level 
of organization. 

On the other hand, the Pyramidelloidea and 
the Euthyneura share synapomorphies of 
high significance, such as giant nerve cells, a 
rhinophoral and a lateral nerve and charac¬ 
ters of the sperm (Haszprunar, 1988: 396- 
397; Healy, 1988a,b). Such proposed syn¬ 
apomorphies were in direct contrast to the 
originally assumed synapomorphies of the Al¬ 
logastropoda, namely a shared gill position to 
the right of the dorsal ciliary tract, an acrem- 
bolic proboscis of distinct type (shifted posi¬ 
tion of buccal ganglia) and spermatophores 
(Haszprunar, 1985a). Meanwhile, however, 
pyramidelloids with a different position of the 
gills (Amathinidae; Ponder, 1987) and a 
mathildid with the usual placement of buccal 
ganglia ( Geganyia; Haszprunar, 1985b) were 
described. This leaves the spermatophores 
with very low significance. 

As a conclusion, I corrected my earlier 
opinion and regard the * Allogastropoda* now 
as a distinct grade rather than a clade. Within 
this grade, the Pyramidelloidea are placed 
closest to the Euthyneura, and both taxa rep¬ 
resent a sister-group relationship. 
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CLASSIFICATION 

In my approach, the final cladogram is a the¬ 
orem of probability with very different degrees 
of likelihood in the various stem-lines of taxa. 
It is essential to note that a reconstruction of 
phylogeny should be translated into a clas¬ 
sification, and not the phylogeny itself. In an 
attempt to base the classification on the same 
principle as the analysis (probabilities), the 
central taxa should reflect the highest degrees 
of certainty in the analysis. A similar point of 
view was made by Wiley (1979,1981) in claim¬ 
ing to retain “important'’ taxa, which very often 
reflect stem-lines with high probabilities. 

Evolutionary systematists often claimed the 
inclusion of the “anagenetic component” into 
the classification (e.g. Mayr, 1981). Taxa of 
high rank are interpreted as an expression of 
major evolutionary gaps. This array can be 
real if caused by fast adaptive radiations and 
a lack of intermediate forms. I interpret taxa of 
high rank as reflecting stem lines with very 
likely monophyly. This interpretation equals 
the distinction between apomorphy and plesi- 
omorphy and gaps between character states 
(in a reconstruction). In this way, clado- and 
anagenesis are considered by correlating 
each with some probability. 

Whereas many authors prefer Wiley’s 
(1979, 1981) sequential method of classifica¬ 
tion, other cladists still use the dichotomic 
Hennigian way (e.g. Ax, 1984, 1987; Berthold 
& Engeser, 1987). I prefer the former, and 
regard my own proposal as a modification of 
Wiley’s (1981) methodology. 

Gauthier (1986) has proposed marking 
so-called “metataxa” (i.e. taxa, the holo- or 
paraphyletic status of which cannot be given 
at present) by an asterisk (taxon*). In combin¬ 
ing my original mode of marking grades as 
“taxa” (Haszprunar, 1986) with Gauthier’s 
(1986) ideas, I have more recently proposed 
to mark grades by asterisks (*taxa*) and 
to mark metataxa (e.g. *Architaenioglossa*, 
*Cerithiimorpha*) by a combination of aster¬ 
isks and sedis mutabilis in the subtaxa 
(Salvini-Plawen & Haszprunar, 1987; Hasz¬ 
prunar, 1988). This enables a better con¬ 
versation of a metataxon into an para- or hol- 
ophyletic taxon upon addition of new data. At 
the time the study was finished, the Cerithio- 
idea was an example of a metataxon. I regard 
Bieler’s (1990) solution of omitting the Cer- 
ithioidea from the classification as less ac¬ 
ceptable than my proposal of marking the 
taxon unequivocally. 


PRESERVATION OF 
TRADITIONAL NAMES 

In the earliest phase of my phylogenetic 
work (Haszprunar, 1985a,b), I frequently cre¬ 
ated new taxa of high rank. However, 
“nobody can hinder me to become wiser,” 
and several of my friends (see Acknowledge¬ 
ments) have convinced me that preservation 
of traditional names is a better way. As out¬ 
lined in Haszprunar (1988: 370), certain new 
taxa still appear necessary to present phylog¬ 
eny unequivocally or to reflect taxa with high 
propabilities. I consider the Archaeogas- 
tropoda in its traditional, paraphyletic (ortho- 
phyletic) sense still useful in systematics, be¬ 
cause in many cases only shells (and 
radulae) are available, which do not allow for 
a more specific classification. Thiele’s Meso- 
gastropoda is a paraphyletic group—it inde¬ 
pendently gives rise to both the Stenoglossa 
and Euthyneura—and therefore has been 
abandoned. I also regard the Neotaenioglo- 
ssa (again paraphyletic) as a provisional con¬ 
struct which should be abandoned in the fu¬ 
ture. 


CONCLUSION 

I have responded Bieler’s (1990) critique on 
the mode of my phylogenetic analysis on 
streptoneuran gastropods as follows: 

(a) I have provided arguments against do¬ 
ing a maximum-parsimony analysis with 
equal weighting of characters, (b) I have pre¬ 
sented examples of the character analysis 
and of placement of taxa to demonstrate the 
method used in the analysis. Proposed syn- 
apomorphies are considered as two-fold hy¬ 
potheses with distinct degrees of likelihood. 
Accordingly the cladogram is regarded as a 
theorem of probability, and taxa of high rank 
are thought to reflect stem-lines of high cer¬ 
tainty. (c) I have explained the use of certain 
taxa in the proposed classification. 


ACKNOWLEDGEMENTS 

I thank Rudiger Bieler for the critical review 
of my papers, in particular with respect to de¬ 
tection of mistakes made, as well as for open¬ 
ing this discussion. I thank an anonymous ref¬ 
eree for very helpful criticism of an earlier 
draft of this manuscript. I am indebted to 
David Lindberg (University of California, Ber- 


200 


HASZPRUNAR 


keley), who introduced me in the field of com- 
puter-cladistics. I particularly acknowledge 
the kindness of James H. McLean (Los An¬ 
geles County Museum of Natural History) 
who detected my nomenclatorial mistakes. I 
am also grateful to Winston F. Ponder (Aus¬ 
tralia Museum, Sydney) and Anders Waren 
(National Museum of Sweden, Stockholm) for 
our discussions on preservation of taxa. 


REFERENCES 

ALBERCH, P., 1985, Problems with the interpreta¬ 
tion of developmental sequences. Systematic 
Zoology, 34: 46-58. 

AX, P.. 1984, Das phylogenetische System. Sys- 
tematisierung der lebenden Natur Auf Grund 
ihrer Phylogenese. Gustav Fischer Verlag, Stutt¬ 
gart. 

AX, P.. 1987, The phylogenetic system. The sys¬ 
tematization of organisms on the basis of their 
phylogenesis (Translation of Ax, 1984, by R. P. S. 
Jefferies). John Wiley & Sons, New York. 

BERTHOLD, T. & T. ENGESER, 1987, Phyloge¬ 
netic analysis and systematization of the Ceph¬ 
alopoda. Verhandlungen des Naturwissenschaft- 
lichen Vereins Hamburg, (NF) 29: 187-220. 

BIELER. R., 1988, Phylogenetic relationships in the 
gastropod family Architectonicidae, with notes on 
the family Mathildidae. Pp. 205-240 In: PON¬ 
DER, W. F., ed., Prosobranch phytogeny. Mala¬ 
cological Review Supplement, 4. 

BIELER, R. 1990, Haszprunar’s “clado- 
evolutionary” classification of the Gastropoda—a 
critique. Malacologia, 31:371-380. 

BIELER, R. & P. M. MIKKELSEN, 1988, Anatomy 
and reproductive biology of two Western Atlantic 
species of Vitrinellidae, with a case of protan- 
drous hermaphroditism in Rissoacea. Nautilus, 
102: 1-29. 

BRYANT, H. N., 1989, An evaluation of cladistic 
and character analyses as hypothetico-deductive 
procedures, and the consequences for character 
weighting. Systematic Zoology, 38: 214-227. 

COLLESS, D. H., 1983, Wagner trees in theory and 
praxis. Pp. 259-278 In: FELSENSTEIN, J., ed., 
Numerical taxonomy. NATO ASI Series G1. 
Springer Verlag, Heidelberg. 

CROFTS, D. R., 1937, The development of Haliotis 
tuberculata, with special reference to the organo¬ 
genesis during torsion. Philosophical Transac¬ 
tions of the Royal Society of London, B208: 219- 
268. 

DAVIS, G. M., 1989, Character analysis, conver¬ 
gence, taxonomy and evolution of the Hydrobi- 
idae. Abstracts of the 10th International Malaco- 
logical Congress, Tubingen 1989: 56. 

FRETTER, V., 1965, Functional studies of the anat¬ 
omy of some neritid prosobranchs. Journal of Zo¬ 
ology, London, 147: 46-74. 


GAUTHIER, J., 1986, Saurischian monophyly and 
the origin of birds. Pp. 1-55 In: PADIAN, K., ed., 
The origin of birds and the evolution of flight. 
Memoirs of the Californian Academy of Sci¬ 
ences. 8: 98 pp. 

GOSLINER, T. M. & M. T. GHISELIN, 1984, Paral¬ 
lel evolution in opisthobranch gastropods and its 
implications for phylogenetic methodology. Sys¬ 
tematic Zoology, 33: 255-274. 

HASZPRUNAR, G., 1985a, The Heterobranchia— 
a new concept for the phylogeny of the higher 
Gastropoda. Zeitschrift fur Zoologische System- 
atik und Evolutionsforschung, 23: 15-37. 

HASZPRUNAR, G., 1985b, On the anatomy and 
systematic position of the Mathildidae (Mollusca, 
Allogastropoda). Zoologica Scripta, 14: 201-213. 

HASZPRUNAR, G., 1986, Die klado-evolutionare 
Klassifikation—Versuch einer Synthese. Zeit¬ 
schrift fur Zoologische Systematik und Evolution¬ 
sforschung, 24: 89-109. 

HASZPRUNAR, G., 1988, On the origins and evo¬ 
lution of major gastropod groups, with special ref¬ 
erence to the Streptoneura. Journal of Molluscan 
Studies, 54: 367-441. 

HASZPRUNAR, G., 1989, Estimation of homology: 
implications for the methodologies of classifica¬ 
tion. Abstracts of the 2nd European Society of 
Evolutionary Biology Congress, Roma 1989,: 31. 

HEALY, J. M., 1988a, The ultrastructure of sperma¬ 
tozoa and spermiogenesis in pyramidellid gastro¬ 
pods, and its systematic importance. Helgo- 
lander Meeresuntersuchungen, 42: 303-318. 

HEALY, J. M., 1988b, Sperm morphology and its 
systematic importance in the Gastropoda. Pp. 
251-266 In: PONDER, W. F., ed., Prosobranch 
phylogeny. Malacological Review Supplement, 4. 

HENNIG, W., 1966, Phylogenetic systematics. Uni¬ 
versity of Illinois Press, Urbana, 263 pp. 

HOUBRICK, R. S., 1988, Cerithioidean phylogeny. 
Pp. 88-128 In: PONDER, W. F., ed., Proso¬ 
branch phylogeny. Malacological Review Sup¬ 
plement, 4. 

HOUBRICK, R. S., 1989, Campanile revisited: Im¬ 
plications for cerithioidean phylogeny. American 
Malacological Bulletin , 7: 1-6. 

LINDBERG, D. R., 1988, The Patellogastropoda. 
Pp. 35-63 In: PONDER, W. F., ed., Prosobranch 
phylogeny. Malacological Review Supplement, 4. 

MACKIE, G. L., 1984, Bivalves. Pp. 351-418 In: 
TOMPA, A. S.. N. H. VERDONK & J. A. M. VAN 
DEN BIGGELAAR, eds., The Mollusca. Vol. 7: 
Reproduction. Academic Press, London. 

MAYR, E., 1981, Biological classification: Towards 
a synthesis of opposing methodologies. Science, 
214: 510-514. 

NEFF, N. A., 1986, A rational basis for a priori char¬ 
acter weighting. Systematic Zoology, 35: 11- 
123. 

PONDER, W. F., 1987, The anatomy and relation¬ 
ships of the pyramidellacean limpet Amathina tri- 
carinata (Mollusca: Gastropoda). Asian Marine 
Biology, 4: 1-34. 

PONDER, W. F., 1988, The truncatelloidean 


GASTROPOD SYSTEMATICS: REPLY TO BIELER 


201 


( = rissoacean) radiation—a preliminary phylog- 
eny. Pp. 129-164 In: PONDER, W. F., ed„ 
Prosob ranch phytogeny. Malacotogical Review 
Supplement, 4. 

PONDER, W. F. & A. WAREN, 1988, Appendix. 
Classification of the Caenogastropoda and Het- 
erostropha—a list of the family-group names and 
higher taxa. Pp. 288-326 In: PONDER, W. F., 
ed., Prosobranch phytogeny. Malacotogical Re¬ 
view Supplement, 4. 

REID, D. G., 1989, The comparative morphology, 
phylogeny and evolution of the gastropod family 
Littorinidae. Philosophical Transactions of the 
Royal Society of London, B324: 1-110. 

REMANE, A., 1952, Die Grundlagen des 

naturlichen Systems, der vergleichen-den Anat- 
omie und der Phylogenetik. Akademische Ver- 
lagsgesellschaft Geest & Portig, Leipzig. 

REMANE, A., 1954, Morphologie als Homologien- 
forschung. Verhandlungen der Deutschen Zool- 
ogischen Gesellschaft, 1954: 159-183. 

RIEDL, R., 1975 Die Ordnung des Lebendigen. 
Systembedingungen der Evolution. Paul Parey, 
Hamburg & Berlin. 

RIEDL, R., 1978, Order in living organisms. A sys¬ 
tems analysis of evolution (Translation of Riedl, 
1975, by R. P. D. Jefferies), Wiley Interscience, 
New York. 

RIEGER, R. M. & S. TYLER, 1979, The homology 
theorem in ultrastructure research. American Zo¬ 
ologist, 19: 655-664. 

RIEGER. R. M. & S. TYLER, 1985, Das Homologi- 
etheorem in der Ultrastruktur Forschung. Pp. 21- 
36 In: OTT, J. A., G. P. WAGNER & F. M. 
WUKETITS, eds., Evolution, Ordnung und 
Erkenntnis. Parey Verlag, Berlin & Hamburg. 

RUPPERT, E. E., 1982, Homology recognition as a 
basis for comparative biology. Pp. 31-54 In: Pro¬ 
ceedings of the Third International Symposium 
on the Tardigrada. East Tennessee State Univer¬ 
sity Press. 

SALVINI-PLAWEN, L. V. & G. HASZPRUNAR. 
1987, The Vetigastropoda and the systematics of 
streptoneurous gastropods (Mollusca). Journal 
of Zoology, London, A211: 747-770. 

SANDERSON, M. J. & M. J. DONOGHUE, 1989, 
Patterns of variation in levels of homoplasy. Ev¬ 
olution, 43: 1781-1795. 

TYLER, S., 1988, The role of function in determi¬ 
nation of homology and convergence— 
examples from invertebrate adhesive organs. 
Fortschritte der Zoologie, 36: 331-347. 

WESTHEIDE, W. & R. M. RIEGER, 1987, System¬ 
atics of the amphi-Atlantic Microphthalmus- 
listensis- species group (Polychaeta: Hesion- 
idae). Facts and concepts for reconstruction of 
phylogeny and speciation. Zeitschrift fur Zoolo- 
gische Systematik und Evolutionsforschung, 25: 
12-39. 

WILEY, E. O., 1979, An annotated Linnean hierar¬ 
chy, with comments on natural taxa and compet¬ 
ing systems. Systematic Zoology, 28: 308-337. 

WILEY, E. O., 1981, Phylogenetics. The theory and 


practise of phylogenetic systematics. John Wiley 
& Sons, New York, 439pp. 

YONGE, C. M., 1947, The pallia! organs in the as- 
pidobranch gastropods and their evolution 
throughout the Mollusca. Philosophical Transac¬ 
tions of the Royal Society of London, B232:443- 
518, 1 pi. 


APPENDIX 

Corrections of Haszprunar (1988) 

(1) p. 377: replace “McLean, 1987” by 
“McLean, 1988”. 

(2) p. 378/legend Fig. 1: Replace “Ponder, 
1987” by “Ponder, 1988a”. 

(3) p. 381: So far as is known Truncatel- 
loidea—Vitrinellidae have monopectinate gills 
(e.g. Bieler & Mikkelsen, 1988). 

(4) p. 389, p. 400/Table 2, p. 416: As re¬ 
cently outlined by Houbrick (1989), I have 
misinterpreted his earlier data on Campanile 
symbolicum, listing “eggs connected by cha- 
lazae” for this taxon. In fact, campanilid egg- 
mass connections resemble those found in 
the Epitoniidae. True chalazae are present in 
the Valvatidae, however. 

(5) p. 400/Table 2: A loss of teleoconch oc¬ 
curs also in numerous euthyneuran taxa. 

(6) p. 401/Table 2: Tubular salivary glands 
with ducts occur in patelloid Docoglossa (Pa- 
tellogastropoda), but not in Lepetelloidea. 

(7) p. 401/Table 2: A cord-like visceral loop 
throughout its length is restricted to the Patel- 
loidea and Nacelloidea (Neolepetopsidae?). 

(8) p. 401/Table 2: Eyes with a lens also 
occur in the Fissurellidae and Scissurellidae. 

(9) p. 413: Replace “Haszprunar, 1988” by 
“Haszprunar, 1989”. 

(10) p. 420: Bieler (1988) found some 
more diagnostic differences between Archi- 
tectonicidae and Mathildidae. 

(11) p. 424/Fig. 5: Points 41 and 42 should 
be interchanged. 

(12) p. 428/Table 5a: The arrangement 
and subordination of “Superfamily Hot-Vent 
group A ( Melanodrymia )” and “Superfamily 
Neomphaloidea” might appear to include 
them in the Neritimorpha. Judged from text 
(pp. 412-414) and phylogram (p. 424/Fig. 5), 
it should be clear that this is not the case, 
however. 

(13) p. 428/Table 5a: Change “Nacel¬ 
loidea Lindberg, 1988” to “Nacelloidea 
Thiele, 1891”; “Helicinoidea Thompson, 
1980” to “Helicinoidea Ferrusac, 1822”; and 
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“Scissurelloidea McLean & Haszprunar, 
1988” to ‘‘Scissurelloidea Gray. 1847.” Ac¬ 
cording to Ponder and Waren (1988) it should 
be “Ampullarioidea Gray, 1824”; “Janthi- 
noidea Lamarck, 1810”; ‘ Littorinoidea Gray, 
1840”; “Tonnoidea Suter, 1913”; and ‘ Ptero- 
trachoidea Ferrusac, 1821” should be re¬ 
placed by ‘‘Carinarioidea Blainville, 1818.” 

(14) p. 430 Table 5d: The wrong (printer’s 
error) ranking should be corrected so that N. 
N. (“Helicoida”) becomes superior to Neriti- 
morpha and N. N. (“Euhelicoida”). 

(15) p. 436: Mackie (1984) was missing in 
the reference list. 

(16) The symposium-volume, “ Proso - 
branch phytogeny," was published in late 
1988, and there are differences between the 
published papers and the manuscripts and ab¬ 
stracts that were made available to me prior to 


publication (Bieler, 1988; Healy, 1988b; Hou- 
brick, 1988; Lindberg, 1988; Ponder, 1988; 
Ponder & Waren, 1988). For example, Pon¬ 
der’s (1988) ‘‘Cingulopsoidea Fretter & Patil, 
1958” was not included in my classification, for 
nomenclatorial corrections; see (13). 


The editor-in-chief of Malacologia welcomes letters 
that comment on vital issues of general importance 
to the field of Malacology, or that comment on the 
content of the journal. Publication is dependent on 
discretion, space available and, in some cases, re¬ 
view. Address letters to: Letters to the Editor, Mal¬ 
acologia, care of the Department of Malacology, 
Academy of Natural Sciences, 19th and the Park¬ 
way, Philadelphia, PA 19103. 



